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@ Low-pressure turbine shroud. 

(57) A turbine shroud is formed by a ring of butted 
shroud segments. Each turbine shroud seg- 
ment has a radially inwardly projecting annular 
flange which is seated on a radially outwardly 
facing surface of an annular tip of the outer 
shroud of the downstream nozzle stage. This 
flange is free to slide axially relative to the 
annular tip during thermal expansion of the 
nozzle outer shroud in the axial direction. Each 
turbine shroud segment has a spring seated 
thereon which urges the radially inwardly pro- 
jecting flange toward the annular tip of the 
nozzle outer shroud. Honeycomb material at- 
tached to the turbine shroud segment discour- 
ages the flow of hot gases through the gap 
between the flange and annular tip of the outer 
shroud of the downstream nozzle stage attribut- 
able to seam chord ing, thereby reducing the 
leakage of hot gas into the spaces between the 
shrouds and the outer casing. 
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Field of the Invention 

This invention r lates generally to the shroud 
surrounding a rotor stage of a low-pressure turbine in 
an axial flow gas turbine engine. Specifically, the in- 
vention relates to an improved mechanism for reduc- 
ing hot gas leakage into the spaces between the 
shrouds and the outer casing. 

Background of the Invention 

In a gas turbine aircraft engine air enters at the 
engine inlet and flows from there into the compressor. 
Compressed air flows to the combustor where it is 
mixed with injected fuel and the fuel-air mixture is ig- 
nited. The hot combustion gases flow through the tur- 
bine. The turbine extracts energy from the hot gases, 
converting it to power to drive the compressor and 
any mechanical load connected to the drive. These 
hot gases produce temperature differentials that can 
cause plastic deformation of the turbine casing if the 
latter is not properly shielded. 

The turbine consists of a plurality of stages. Each 
stage is comprised of a rotating multi-bladed rotor and 
a n on rotating mult I- vane stator. The blades of the ro- 
tor are circu inferential I y distributed on a disk for rota- 
tion therewith about the disk axis. The stator is 
formed by a plurality of nozzle segments which are 
butted end to end to form a complete ring. Each noz- 
zle segment comprises a plurality of generally radially 
disposed vanes supported between inner and outer 
platforms. Each vane and blade is of airfoil section. 

The abutting outer platforms of the nozzle seg- 
ments and the abutting outer platforms of the rotor 
blades collectively define a radially inwardly facing 
wall of an annular gas flow passageway through the 
turbine, while the abutting inner platforms of the noz- 
zle segments and the abutting inner platforms of the 
rotor blades collectively define a radially outwardly 
facing wall of the annular gas flow passageway. The 
airfoils of the rotor blades and nozzle guide vanes ex- 
tend radially into the passageway to interact aerody- 
namically with the gas flow therethrough. 

During operation of the gas turbine engine, it is 
desirable to minimize thermally induced plastic defor- 
mation of the outer casing. This can be accomplished 
by isolating the outer casing from the heat produced 
by the hot gases flowing through the turbine. 

One source of hot gas leakage into the space be- 
tween the outer casing and the annular passageway 
is the interface between the turbine shroud and the 
hardware which supports the aft edge of the shroud. 
For example, in U.S. Patent No. 3,393,894 to Redsell, 
the turbine shrouds are trapped between the casing 
andth nozzl .Alternatively, as shown in U.S. Patent 
No. 3,542,483 to Gagliardi, th outer shrouds and 
blade rings can all be hung from th casing with the 
outer shrouds and blad rings stack d axially in abut- 



ting sequ nee. In accordanc with such prior art ar- 
rangements, a clearance fit in the axial direction is re- 
quired to accommodate m chanical stack-up, differ- 
ential expansion and assembly of the components. 

5 Such an axial clearance is susceptible to hot gases 
leaking therethrough. 

One technique for blocking gas flow through an 
axial clearance, disclosed in U.S. Patent No. 
4,573,866 to Sandy, Jr. et al., is to insert a spring bel- 

10 lows seal in an annular groove between the casing 
and the nozzle. The seal forms a barrier to gas which 
has flowed through an axial clearance between the 
nozzle and the tip shroud support ring. 

In the case where a curved circumferential sur- 

15 face of a turbine shroud bears on a curved circumfer- 
ential surface of an outer platform of a nozzle, as 
taught in U.S. Patent No. 3,056,583 to Varadi et al. 
and U.S. Patent No. 4,537,024 to Grosjean, a differ- 
ent problem arises. Due to differential expansion dur- 

20 ing operation, the nozzle outer platform becomes 
hotter and expands more than the turbine shroud, 
causing the radius of curvature of the nozzle outer 
platform to become greater than the radius of curva- 
ture of the turbine shroud. The result is a gap between 

25 the overlapping turbine shroud and nozzle outer plat- 
form, through which hot gases leak from the annular 
gas flow passageway. These hot gases can produce 
an undesirable increase in the temperature of the out- 
er casing. 

30 

Summary of the Invention 

An object of the present invention is to improve 
upon the prior art mechanisms for minimizing the 

35 leakage of hot gases between the turbine shroud and 
the nozzle, thereby minimizing the temperature of the 
outer casing. In particular, it is an object of the inven- 
tion to provide a mechanism which reduces the 
amount of hot gas leaking into the annular space be- 

40 tween the outer casing and the turbine shroud and 
further downstream, that is, the annular space be- 
tween the casing and the nozzle segments. 

Another object of the invention is to provide a tur- 
bine shroud which is axially slidable relative to the 

45 nozzle supporting its aft edge during differential ther- 
mal expansion of the turbine shroud and the nozzle. 

Afurther object of the invention is to provide a tur- 
bine shroud which is supported by the downstream 
nozzle without the necessity of an axial clearance fit 

50 therebetween to compensate for thermal expansion. 

Yet another object is to provide means for dis- 
couraging the flow of hot gases into the spaces be- 
tween the shrouds and the casing. In particular, it is 
an object of the invention to impede the flow of hot 

55 gases through th interface between the turbine 
shroud and the nozzl du to differential curvature of 
the abutting shroud and n zzJe surfaces during ther- 
mal xpansion, that is, du to seam chording. 



2 



V 



3 



EP 0 545 589 A1 



4 



A further object is to provid a turbine shroud 
which is Inexpensive to manufacture and easy to in- 
stall inside the turbin . 

These and other objects are realized in accor- 
dance with the invention by hooking a turbine shroud, 
comprising a circumferential array of butted shroud 
segments, between the outer casing and a nozzle so 
that the aft edge of the turbine shroud surrounds the 
forward tip of the outer shroud of the nozzle. The aft 
edge of the turbine shroud is unconstrained by the 
nozzle outer shroud and therefore can slide axially 
relative thereto during differential thermal expansion 
of the turbine shroud and nozzle segments in the axial 
direction. 

In accordance with the invention, each shroud 
segment is urged radially inward against the forward 
tip of the outer shroud of a corresponding nozzle seg- 
ment by one of a plurality of springs. The springs also 
provide axial seating for the shroud segments. The 
springs are designed and arranged so that the point 
of maximum strain is moved away from the point of 
maximum temperature in each spring. 

In accordance with the invention, spline seals are 
arranged between the butted ends of the shroud seg- 
ments to reduce leakage. Each shroud segment com- 
prises a backing sheet which is isolated from the hot 
gas flow through the turbine by honeycomb material. 
The honeycomb material also discourages hot gas 
flow through any gap between the turbine shroud and 
outer shroud of the nozzle due to seam chording. A 
braided rope seal is provided at the forward edge of 
the turbine shroud to further reduce leakage. 

Brief Description of the Drawings 

These and other advantages of the invention will 
be better understood when the detailed description of 
the preferred embodiment of the invention is read in 
conjunction with the drawings, wherein: 

FIG. 1 is a cross-sectional view taken in a radial 
plane of a portion of the gas turbine engine incor- 
porating a turbine shroud in accordance with the 
preferred embodiment of the invention; 
FIG. 2 is a perspective view of a segment of the 
turbine shroud in accordance with the preferred 
embodiment of the invention; 
FIG. 3 is a top view of the turbine shroud segment 
depicted in FIG. 2; and 

FIG. 4 is a side view of the turbine shroud seg- 
ment depicted in FIG. 2. 

Detailed Description of the Preferred Embodiment 

In accordance with the preferred embodiment of 
th inv ntion shown in FIG. 1 , a low-pressure turbine 
of a gas turbine engin has an outer casing 1 0. Casing 
10 has axially rear wardly directed annular flanges 12, 
14 and 14' and bosses 16 and 18. Annular flange 12 



and boss 16 partially define an annular groove 20 
therebetween. 

Annular groove 20 receives an annular flange 24 
extending forward from a radially outwardly extending 
5 forward portion 25 of the outer platform of a nozzle 
segment generally indicated at 26. Annular groove 22 
receives a leg 32 of each one of a plurality of annularly 
segmented C-clips 30. 

Each C-clip 30 is connected to the corresponding 
io downstream turbine shroud segment, for example, by 
brazing. The other leg 36 of each C-clip 30 has a ra- 
dially outwardly directed surface which supports an 
annular flange 34 extending rearward from a radially 
outwardly extending rear portion 27 of the outer plat- 
15 form of each nozzle segment 26. Leg 36 has a recess 
which mates with an anti-rotation block 48. Anti- 
rotation block 48 is connected to anti-rotation pin 50, 
which in turn is securely mounted inside a bore 52 
formed in outer casing 10. Twenty such anti-rotation 
20 pins are circumferential I y distributed at equal inter- 
vals about the outer casing at the same axial position. 
This prevents rotation of the turbine shroud segment 
connected to C-clip 30. 

In addition, an axial stop 106 is brazed to C-clip 
25 30. Axial stop 106 has a radial surface which bears 
against an opposing radial surface of flange 14, 
thereby stopping forward axial displacement of the 
associated turbine shroud segment. 

The radially innermost portion of the outer plat- 
30 forms of the arrayed nozzle segments 26 form an out- 
er shroud 28 having a radially inwardly facing surface 
38 which defines a downstream portion of an annular 
passageway for guiding the flow of hot gases there- 
through. 

35 Each nozzle segment has a plurality of nozzle 

guide vanes 40 of airfoil section circumferential ly dis- 
tributed in a radial plane of the annular passageway 
and supported by the inner (not shown) and outer 
platforms. A plurality of such nozzle segments are as- 

40 sembled into an annular array to form a stator stage. 
This stator stage redirects the hot gas flow from the 
upstream rotor so that it enters the next stage at the 
desired angle. 

Range 34 of each nozzle segment 26 has a re- 

45 cess (not shown) which mates with an extension 54 
of the anti-rotation block 48. This mating of the re- 
cesses in the nozzle segments with the anti-rotation 
devices blocks rotation of the nozzle segments about 
the axial axis. 

50 The outer shroud 28 has a forward tip 42 and a 

rearward tip 44. The forward tip 42 abuts an annular 
flange 64 extending radially inwardly from a backing 
sheet 62 of a turbine shroud segment generally indi- 
cated at 46. The backing sheet 62 is made of HS188 

55 sheet metal. A generally cylindrical forward segment 
98 f backing sheet 62 and leg 32' of an annularly 
segmented C-clip 30' are connected and arranged in 
the annular gro v 22" formed between the skin f 
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outer casing 10 and annular flange 14*. Each C-clip 
30* has an axial stop 106' brazed thereto. 

Th C-clips 30 and 30' are protected by TBC, a 
sprayed -on thermal barrier coating composed of cer- 
amic material. A braided rope seal 90 is inserted in the 5 
forward tip of annular groove 22* to prevent the leak- 
age of hot gases around the forward tip of backing 
sheet 62 and into the space between shroud segment 
46 and outer casing 10. 

A spring 66 arranged between flange 12 of outer 10 
casing 10 and backing sheet 62 urges the flange 64 
radially inwardly to bear against the radially outwardly 
directed annular surface of forward tip 42 of outer 
shroud 28. Spring 66 also resists axial displacement 
of the turbine shroud segment 46 in the aft direction. 15 

The backing sheet 62 of each turbine shroud seg- 
ment 46 has first and second members 68 and 
68' made of honeycomb or similarly compliant mate- 
rial bonded or otherwise fastened to the radially in- 
wardly facing surface thereof at adjacent axial posi- 20 
tions. The honeycomb members have abradable 
working surfaces 70 and 70* respectively. The honey- 
comb material also discourages hot gas flow through 
any gap between flange 64 and forward tip 42 due to 
seam chord ing. 25 

A plurality of such turbine shroud segments 46 
are assembled into an annular array to form a turbine 
shroud which surrounds an array of abutting tip 
shrouds 72 on the rotor blades 74. The tip shrouds 
have radially inwardly facing surfaces 78 which de- 30 
fine an upstream portion of the annular passageway 
for guiding the flow of hot gases therethrough. The 
rearward edge of the tip shroud 72 of rotor blade 74 
is radially located so that hot gases flowing off of sur- 
face 78 will impinge on surface 38 of outer shroud 28 35 
of nozzle segment 26. 

The tip shroud 72 of each rotor blade 74 has a pair 
of radially outwardly directed sealing fins 76 and 
76' formed thereon which extend circumferential ly. 
The sealing fins 76 and 76' of adjacent rotor blades 40 
have mutually abutting side surfaces and respective 
circumferential edges which abut the working surfac- 
es 70, 70* of the honeycomb material. The working 
surfaces 70, 70' are deformed by the sealing fins dur- 
ing rotation of the associated rotor blade into an es- 45 
sentially zero tolerance fit with the sealing fins, there- 
by reducing the flow of hot gases radially outside of 
the annular array of tip shrouds 72. 

Flange 64 of turbine shroud segment 46 is urged 
radially inward toward tip 42 of outer shroud 28 by so 
spring 66, thereby resisting separation of the shrouds 
due to vibration. However, spring 66 cannot prevent 
the formation of a gap due to a difference in the re- 
spective radii of curvature of the arched edge of 
flange 64 and the radially outer surface f tip 42 55 
caused by differ ntial expansion. Th result is that 
hot gases will leak into th space b twe n the outer 
platform of nozzle segment 26 and outer casing 10 



via it her a path around flang 24 of th outer plat- 
form of nozzle segment 26 or a path between the 
abutting faces of adjacent nozzle segments. 

A heat shield 60, preferably in the form of a ring 
of HS188 sheet metal, is arranged in the space be- 
tween the outer platform of nozzle segment 26 and 
the outer casing 1 0. One function of heat shield 60 is 
to isolate the outer casing 10 from heat radiation from 
the outer platform of nozzle segment 26. Another 
function of heat shield 60 is to isolate outer casing 10 
from the hot gases leaking into the space between 
nozzle segment 26 and outer casing 10. 

The heat shield has a plurality of circumferential ly 
distributed axial recesses extending from its aft edge. 
Each recess has an axial stop 56 mounted therein 
which slides against the end face of an extension 54 
of the anti-rotation block 48. The structure of heat 
shield 60 and the manner in which it minimizes casing 
temperature are disclosed in greater detail in co- 
pending U.S. patent application Ser. No. 

(commonly assigned to the assignee of the 
present application), which disclosure is incorporated 
by reference herein. 

The structure of turbine shroud segment 46 is 
best seen in FIG. 2. Respective abutments 80 and 
80' are connected to the respective ends of the 
shroud segment Each abutment comprises a first 
straight portion disposed substantially radially and 
connected to flange 64 and a second straight portion 
disposed at an angle less than 90 degrees relative to 
the first portion and connected to backing sheet 64. 
Relief 92 is provided at the forward ends of each 
abutment to allow cocking of the shroud segment dur- 
ing assembly without loss of the tight fit between the 
shroud and casing. 

Each abutment has a slot 82 in the second por- 
tion for receiving an axial spline seal 84 and a slot 86 
in the first portion for receiving a radial spline seal 88. 
Slots 82 and 86 intersect. Slots 82 and 86 are de- 
signed to allow wire electro-discharge machining, 
which is cheaper and more precise than conventional 
electro-discharge machining. 

The design shown in FIG. 2 allows an entire stage 
of turbine shrouds to be assembled into place and the 
spline seals to be subsequently inserted. The axial 
seals are inserted first; then the radial seals are in- 
serted. As best seen in FIG. 4, the axial seal 84 is re- 
tained by the radial seal 88. The radial seal is in turn 
retained at the radially outer end of slot 86 by retainer 
96 and at the radially inner end of slot 86 by the abut- 
ting radially outer surface of forward tip 42 of the out- 
er shroud 28 of nozzle segment 26. Seals 84 and 88 
are planar strips of metal which slide easily into slots 
82 and 86 respectively. 

Th abutments f adjacent shroud segments 
hav sufficient play th rebetween to allow for ther- 
mal xpansion of th segments in the circumferential 
direction. S als 84 and 88 s al the gaps betw en p- 
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posing abutments against leakage of hot gas from th 
annular gas flow passageway. 

Each C-ciip 30' has a recess 94 (see FIG. 3) for 
receiving an anti-rotation block (not shown) secured 
to the casing. The coupling of recess 94 and the anti- 
rotation block prevents rotation of the shroud seg- 
ments about the axial axis. 

The structure of spring 66 is best seen in FIGS. 
2 and 3. Spring 66 comprises a conical segment 100 
having a first plurality of fingers 102 extending from 
and circumferentially distributed along its forward end 
and a second plurality of fingers 104 extending from 
and circumferentiaJly distributed along its aft end. 
Spring 66 is made of a metal having a composition 
such that the fingers retain their resiliency at the high 
temperatures to which the spring is subjected. The 
scalloped construction of spring 66 ensures sufficient 
compliance for assembly and moves the point of max- 
imum strain away from the point of maximum temper- 
ature, i.e., conical segment 100. 

Spring 66 provides axial and radial seating during 
cruise. As shown in FIG. 1, conical segment 100 of 
spring 66 bears against the top surface of the conical 
segment of backing sheet 62 in the vicinity of the aft 
end thereof. Fingers 104 bear against a radially in- 
wardly facing surface on annular flange 12 of casing 
10, thereby urging the tip of annular flange 64 of tur- 
bine shroud 46 radially inwardly against the radially 
outer surface of forward tip 42 of outer shroud 28 of 
nozzle segment 26. Fingers 102 bear against an ax- 
ial ly forward ly facing surface on annular flange 12, 
thereby opposing axial displacement of turbine 
shroud 46 in the aft direction. 

The preferred embodiment has been described in 
detail hereinabove for the purpose of illustration only. 
It will be apparent to a practitioner of ordinary skill in 
the art of gas turbine engines that various modifica- 
tions could be made to the above-described struc- 
ture without departing from the spirit and scope of the 
invention. 



Claims 



metal, and each of said abutments having first 
slot means for receiving said axial seal and sec- 
ond slot means for receiving said radial seal. 

5 2. The turbine shroud as defined in claim 1 , wherein 
each of said shroud segments further comprises 
a substantially cylindrical fourth segment con- 
nected to the portion of said first segment having 
the minimum radius of curvature thereof and a C- 
10 shaped clip connected to said fourth segment 

3. A turbine shroud segment for incorporation in a 
turbine of a gas turbine engine, comprising a sub- 
stantially conical first segment, a substantially ra- 
ts dial annular second segment and an annular 

curved third segment connecting the radially out- 
er periphery of said second segment with the 
portion of said first segment having the maximum 
radius of curvature thereof, said first, second and 
20 third segments all forming part of a continuous 

sheet of metal, and further comprising first and 
second abutments respectively connected to op- 
posing circumferential ends of said first and sec- 
ond segments, each of said first and second 
25 abutments having a respective radial abutment 

surface. 

4. The turbine shroud segment as defined in claim 
3, further comprising honeycomb material af- 

30 fixed to the radially inwardly facing surface of 

said first section. 

5. The turbine shroud segment as defined in claim 
3, further comprising a substantially cylindrical 

35 fourth segment connected to the portion of said 

first segment having the minimum radius of cur- 
vature thereof and a C-shaped clip connected to 
said fourth segment 

40 6. The turbine shroud segment as defined in claim 
3, wherein each of said radial abutment surfaces 
has first and second slots formed therein. 

7. The turbine shroud segment as defined in claim 
6, wherein said first and second slots are straight 
and mutually intersect. 

8. A turbine for a gas turbine engine having an inlet, 
an outlet and an annular passageway for gas flow 
from said inlet to said outlet, comprising: 

an outer casing surrounding said annular 
passageway, said outer casing having an annular 
groove; 

a nozzle stage arranged inside said outer 
casing and supported thereby, said nozzJ stage 
comprising an outer platform having a shroud 
portion which forms a part of said annular passa- 
geway, said shroud porti n having a forwardly 



1. A turbine shroud for incorporation in a turbine of 45 
a gas turbine engine, comprising a plurality of but- 
ted shroud segments circumferentially arrayed to 
form a ring, each pair of adjacent shroud seg- 
ments having opposing abutments with axial and 
radial seals arranged therebetween, each of said so 
shroud segments comprising a substantially con- 
ical first segment, a substantially radial annular 
second segment and an annular curved third 
segment connecting the radially outer periphery 
of said second segment with the portion of said 55 
first segment having the maximum radius of cur- 
vature thereof, said first, second and third seg- 
ments all forming part f a continuous she t f 
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projecting annular tip; 

a plurality of butted turbine shroud seg- 
m nts circumferentiaJly arrayed to form a ring, 
each of said turbine shroud segments having a 
first end seated in said annular groove of said out- 5 
er casing and a second end seated on a radially 
outer surface of said annular tip of said shroud 
portion; and 

spring means for urging said second end 
of said shroud segment radially inwardly to bear 10 
against said radially outer surface of said annular 
tip of said shroud portion. 



th portion of said first segment having th mini- 
mum radius of curvature thereof and a C-shaped 
clip conn cted t said f urth segment, said 
fourth segment forming said first end. 

15. The turbine as defined in claim 1 or 12, wherein 
said first and second slot means of opposing 
abutments define straight first and second slots 
respectively which mutually intersect, and said 
axial and radial seals comprise planar strips of 
metal slidable into said first and second slots re- 
spectively. 



9. The turbine as defined in claim 8, wherein said 
spring means is seated on said shroud segment 
and comprises a first plurality of circumferent ially 
distributed resilient fingers which bear against a 
substantially radially inwardly directed surface of 
said outer casing. 

10. The turbine as defined in claim 9, wherein said 
spring means further comprises a second plural- 
ity of circumferential ly distributed resilient fingers 
which bear against a substantially axially for- 
ward I y directed surface of said outer casing. 

11. The turbine as defined in claim 10, wherein said 
substantially radially inwardly directed surface 
and said substantially axiaily forward ly directed 
surface are surfaces of an annularflange project- 
ing from said outer casing, said outer platform of 
said nozzle stage being hooked onto said annular 
flange of said outer casing. 



16. The turbine as defined in claim 1 or 12, wherein 
15 said axial seal is retained in said first slot means 

of each of said abutments by said radial seal 
when said radial seal is slidably inserted in said 
second slot means of opposing abutments. 

20 17. The turbine as defined in claim 14, further com- 
prising a plurality of anti-rotation means circum- 
ferentiaJly distributed at regular intervals along 
and secured to said outer casing, wherein each of 
said C-shaped clips has an axial recess mating 

25 with a portion of a corresponding anti-rotation 

means and forms a seat for an annular flange on 
said outer platform of a corresponding segment 
of said nozzle stage. 

30 



12- The turbine as defined in claim 8, wherein each 35 
pair of adjacent shroud segments has opposing 
abutments with axial and radial seals arranged 
therebetween, each of said shroud segments 
comprising a substantially conical first segment, 
a substantially radial annular second segment 40 
and an annular curved third segment connecting 
the radially outer periphery of said second seg- 
ment with the portion of said first segment having 
the maximum radius of curvature thereof, said 
first, second and third segments all forming part 45 
of a continuous sheet of metal, and each of said 
abutments having first slot means for receiving 
said axial seat and second slot means for receiv- 
ing said radial seal. 

50 

13. The turbine as defined in claim 1 or 12, further 
comprising honeycomb material affixed to the ra- 
dially inwardly facing surface of said first seg- 
ment of each of said shroud segments. 

55 

14. Th turbine as defin d in claim 12, wherein ach 
of said shroud segments further comprises a sub- 
stantially cylindrical fourth segment connected to 
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